The U.S. Army Corps of Engineers designed and built several successful Central Vehicle Wash .. Facilities (CVWFs) to allow the exterior of tactical ' ."
. . vehicles to be cleaned in an efficient and environ-.
,,, ,.., ,.&ee mentally safe manner.
Because designers believe the guidance for secondary treatment design was too restrictive, research was initiated to investigate alternatives for CVWF treatment systems.
The objective of this study was to evaluate alternatives or modilications to existing design guidance for CVWF secondary treatment. Research revealed that intermittent sand filtration, lagoons, and constructed wetlands are acceptable for secondary treatment. All three alternatives will function with little attention from the CVWF operator. Lagoons and constructed wetlands will require little maintenance. Sand on the surface of intermittent sand filters will need to be removed periodically. All three types of secondary treatment provide water that should be discharge quality in most states and will not be a hazard to the troops using the facility.
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Background
Most major Army installations need to perform maintenance and repair on large numbers of tactical vehicles. An important element of vehicle maintenance is cleaning, including washing the exterior of the vehicles. The exterior of a vehicle must be clean to find any leaks or damaged parts, and to make necessary repairs. It must also be clean for transport from one installation to another or to travel within an installation cantoatment area. (During wet weather, a tracked vehicle may carry 1000 lb* of mud back from the training area.)
The concept for Central Vehicle Wash Facilities (CVWFs), developed at the U.S. Army Construction Engineering Research Laboratory (USACERL) in the late 1970's, allows the exterior of tactical vehicles to be cleaned in an efficient and environmentally safe manner.
1 A CVWF consists of various structures for washing tactical vehicles and a wastewater treatment system for recycling the wash water. The recommended recycle treatment is primary sedimentation with floating oil removal, followed by intermittent sand filtration.
It was assumed that minimal resources would be available to operate and maintain the facilities. The treatment system had to be simple to operate, inexpensive to maintain, cost effective, and provide a discharge quality water for recycle. The secondary treatment had to be compatible with the specific treatment needs of CVWFs (i.e., be able to remove excess suspended solids, petroleum products, and organics that would not be removed in primary treatment). Processes that required constant monitoring, skilled operators, chemicals, large amounts of energy, and would otherwise be a resource drain on Directorate of Enginecring and Housing (DEH) budgets were ruled out. Intermittent sand filtration was chosen as the most feasible process for secondary treatment.
Fort Lewis, WA, built the first successful CVWFs following the USACERL concept in 1980. The facilities consisted of drive-through washing stations and a recycle treatment system that used intermittent sand filtration. Figure 1 shows a flow schematic of one Fort Lewis CVWF, which is typical of the CVWF concept. In 1982, a second successful CVWF was built at Fort Polk, LA. The facility used lagoon treatment for recycling the wash water.
When Fort Lewis and other CVWFs were under design, research and development (R&D) funding to further develop and refine the USACERL CVWF concept was discontinued. USACERL was then instructed to prepare guidance to assist future CVWF planners and designers. In 1982 and 1983, draft Enuineering Technical Letters (ETLs) limited to findings from incomplete USACERL investigations and a brief history of lessons learned at two successful, but completely different, CVWFs. Draft Technical Manual (TM) 5-814-9, Central Vehicle Wash Facilities, which is soon to be distributed, contains a consolidation of all CVWF design guidance contained in the ETLs, and incorporates lessons learned from several CVWFs now operational.
The Corps of Engineers designed and built several CVWFs during the mid-1980's using the draft ETLs as guidance. However, many Corps and architcct/engineer A&E) designers felt that the guidance for the secondary treatment design was too restrictive. Because of these concerns, new research was initiated to investigate alternatives for CVWF treatment systems.
Objective
The objective of this study was to evaluate alternatives or modifications to existing design guidance for CVWF secondary treatment.
Approach
Current design guidance for CVWF secondary treatment is limited to two types of treatment: intermittent sand filtration and lagoon These were the only two processes that mct the selection criteria (i.e., able to remove excess suspended solids, petroleum products, and organics that would not be removed in primary treatment). To respond directly to the concerns of CVWF designers, the focus of this study was divided into three thrusts:
1. An investigation to maximize the recommended dosing rates for intermittent sand filters,
2. An investigation to confirm the effectiveness of lagoon treatment, and if possible, provide additional design criteria, and
3. An investigation of other alternative treatment methods not included in the design guidance. Resources for this project limited the third thrust to one alternative -constructed wetland treatment.
Mode of Technology Transfer
It is recommended that the findings in this report be incorporated into updates of TM 5-814-9 Central Vehicle Wash Facilities. A draft Engineei Technical Letter containing these findings will also be prepared by USACERL. Preliminary results of this study were presented at the Users's Group Meeting on Central Vehicle Wash Facilities held in September 1988, and at the User's Group Conference for Centralized Vehicle Wash Facilities held in May 1990. Final results will be presented at a future User's Group Meeting.
U.S. Army Corps of Engineers (USACE)
Louisville District is the Mandatory Center-of-Expertise (MCX) for Central Vehicle Wash Facilities. Louisville District will ensure that the recommendations made ;,, this rs-nort .r-,nnsidcred and~/,r incorporfi,-d into all future CVWF designs. Future R&D efforts will develop an interactive computer program that will assist in the design of CVWFs.
EVALUATION CRITERIA
Following are descriptions of the criteria used to evaluate the treatment alternatives. Other than the treatment performance, the evaluations are largely subjective. They are based on observations by operation and maintenance personnel, and by USACERL personnel when on site. Treatment perfonnancc was evaluated quantitatively using water quality data generated by on-site USACERL studies.
1. Operational Requirements. What resources are required to operate the treatment system? Is any special training required for the operators? How much attention must the operator normally give to the treatment system? 
Description and Existing Design Guidance
Intermittent sand filtration incorporates both physical and biological treatment. Constructed as a sand filter, the layer of sand physically removes contaminants from the water. Further, the filter is dosed intermittently. Dosing involves applying a predetermined amount of water to the sand and allowing it to completely percolate through the sand before a succeeding amount of water is applied. Intermittent dosing allows the full depth of the sand to be aerated and encourages a microbial growth around the sand particles. The microbial growth provides a biological treatment by removing dissolved organic material from the water.
Draft TM 5-814-9 contains the most recent design guidance for intermittent sand filters. The latest version has incorporated interim findings from this study, which were presented at the May 199) Users Group Conference. A brief summary of the design parameters follows.
-The design daily loading rate is between 490,000 and 650,000 gallons per acre per day. Generally. the amount of clay in the soil washed off the vehicles determines the loading rate. High clay content means the suspended solids loading on the filter is likely to be higher, therefore a daily loading rate in the low end of the range is recommended & Dosing frequency shall be three doses per day. Each filter, or isolated section of a filter (cell), receives a dose every 8 hours.
* Dosing rate, or flow to the filter, shall be 95 to 190 gallons per minute (GPM) per 100W sq ft of filter surface. A dose shall be applied in 20 to 40 minutes.
• Filter media will meet the criteria shown in Figure 2 .
The intermittent sand filters are always preceded by an equalization basin. Equalization is needed because flow from the wash structures fluctuates greatly. The basin is also needed for extended sedimentation of the wash water following primary treatment. While this study does not address design of the equalization basin, it is considered a secondary treatment structure.
Pilot Studies at Fort Lewis
Filtration experiments were conducted at Fort Lewis, WA, to determine if the recommended loadine rates could be increased. The existing filters at the two main CVWFs were used for full-scale pilot studies. rbe surfaces of both filters at each of the facilities were partitioned to limit the usable filier area (Figure 3 ). The distribution piping was then altered so all water was directed to the partitioned areas. The irca of each filter to be partitioned was calculated using actual water use data and the daily loading rates to be tested. Three daily loading rates were tested at Fort Lewis: 650,000 gal/acre/day; 1,000,000 gal/acre/day: and 1,300,(XX) gal/acre/day. The filters at Fort Lewis were designed for a loading rate of 490,000 gal/acre/day. However, the number of veh, i s washed and the amount of water needed at the Fort Lewis CVWFs is much less than predicted in the design analysis. That is why the partitioned areas used in the experiment are much smaller than the original filter surface area of 1/3 acre per filter.
Vehicle soiling at Fort Lewk was consistently light. The soils in the training areas are sandy with little cohesive material. This type of soil is very easily removed from the vehicles and requires less water per vehicle cleaned than at most other installations.
Observations from the filtration studies follow.
• The performance of the intermittent sand filters was never severely tested during tile study. The water pumped to the filters from the equalization basin often was already discharge quality. There were three primary reasons tor the low levels of contaminants in the equalization basin effluent. First, the sandy soil in the Fort Lewis training areas is easily removed from the wash water by sedimentation. Second, because the facility was designed for greater use, the equalization basin was somewhat larger than required. Tlrd, because of large water losses due to leaks in the equalization basin liners, much of the wash water used was potable makeup water. Table 1 shows a sumnary of suspended solids (ss) concentration in ivrab samples obtained during the study to monitor filter perfornance. 9 Before this study, the filter surfaces showed little or no crusted or matted material after 7 years of use. Some sections of the filter surfaces looked like they had never been wetted.
# The dose applied to the filter would pass through in about 2 hours. A water surge came from the filter about 15 to 20 minutes afte, the beginning of a dose application. A peak occurred in the effluent flow about 20 minutes after the initial surge.
-The suspended solids in the filter effluent varied greatly during the filtration of a single dose. The first water surge often had a higher concentration of solids than did the filter influent. The variation in the solid3 concentration for the effluent of a single dose seemed to be dependent on the velocity of the water through the filter.
9 The water quality in the effluent was influenced more by the dosing frequency than by the daily loading rate. Several smaller doses per day came out cleaner than the same amount of water applied in 2 or 3 doses per day. Changing the dosing schedule from 3 doses per day to 6 doses per day seemed to minimize the effect of surging through the filter. Surging must be minimized for intermittent sand filtration to be an effective secondary treatment.
• Filter influent was generally homogeneous. * Biological oxygen demand (BOD) concentration was less than 10 milligrams per liter (mg/L) for almost all influent and effluent samples. * The filter effluent often had a green tint, indicating the presence of algae. The color was not present in the filter influent. However, volatile solids tests indicate that algae did not significantly contribute to the suspended solids in the filter effluent.
* The filter influent distribution system seemed to work very well. It consisted of a wooden trough feeding parallel distributions pipes. Influent water was pumped into the trough and flowed to the filters by gravity.
Monitoring Study at Fort Hood
The 2nd Armored Division (2AD) CVWF at Fort Hood went on line in 1987. That CVWF has three 1.1 -acre filters designed for a loading rate of 650,000 gal/acre/day. Soiling conditions at Fort Hood are much more variable than at Fort Lewis. Some parts of the training areas have very clayey soil. During wet weather, tracked vehicles carry in hundreds of pounds of cohesive soil that is difficult to remove. Water use at the 2AD CVWF appears to be much closer to what was predicted in the design analysis than it was at Fort Lewis. Figure 4 shows a schematic of the 2AD CVWF.
USACERL began studies to monitor the performance of the filters in the summer of 1989. The monitoring study consisted of water quality testing before and after the filters, sand analysis, and flow analysis. Periodic water sampling and analysis occurred from March 1990 through August 1990. Observations from the monitoring follow.
* The surface of the filters became very crusty with little vegetation except algae. The crust was apparently caused by dissolved solids left by evaporation in combination with suspended solids deposited on the surface.
e The velocity of the water through the filters was much slower at Fort Hood than at Fort Lewis. A dose took several hours to pass through the surface. The dose would completely pass through the filters after 12 or more hours.
* Ponding on the surface of the filters due to slow infiltration has encouraged a growth of algae. This algal growth probably has further slowed the rate of infiltration.
• There was no evidence of algae in the effluent from the filters.
• Two of the motorized valves that directed water to specific filters were inoperable during the study. The automatic dosing system could not be used; the filters were dosed by operating the valves and pump controls manually.
* During the course of the study, a new program to allow troops to purge their petroleum transport tanks at the 2AD CVWF was initiated. This program had minimal impact on the quality of water in the filter effluent, though small amounts of emulsified oil (less than 5 ppm) passed through the filters. Purging of tankers was not allowed at the other CVWF at Fort Hood because the DEH Environmental Office was not confident that lagoons could effectively treat wastewater from the purging operation.
Monitoring Study at Yakima Firing Center
Yakima Firing Center is used as a maneuver and firing area by Fort Lewis and Army Reserve units. The Yakima Firing Centei CVWF was constructed soon after the Fort Lewis CVWFs and used approximately the same design. Vehicle soiling at the training ranges is more severe than at Fort Lewis. Use of the Yakima CVWF has been much greater than predicted.
14 The water quality throughout the recycle treatment system was monitored by USACERL. This study occurred between March 1988 and November 1988. Table 3 summarizes the results.
Observations from the monitoring follow.
* Deposition of solids was much greater on the filters at Yakima than on the filters at Fort Lewis. This is because primary treatment is inadequate at Yakima, and because of the unexpectedly large number of vehicles washed.
* After 8 years of operation, Yakima DEH is in the process of replacing the top layer of sand on the filters because of plugging.
Aberdeen Proving Ground Study
The CVWF at Aberdeen consists of a one-lane bath, final wash stations, and a treatment system almost identical to the Fort Lewis design. The facility is used primarily by the Ordnance Center and School for washing retrievers and retrieved vehicles that have been used for training exercises. The training area soils are mostly clay, and every vehicle brings a great deal of soil back to the wash facility. Severe suspended solids loading is present in the recycle treatment system. Aberdeen DEH and USACE Baltimore District asked USACERL to evaluate problems with the treatment system. Some of the findings of that short-term study were appropriate for the evaluation of intermittent sand filtration, and are described in the following paragraphs. * Severe problems with secondary treatment are caused by improper operation of the primary treatment. Large amounts of solids were pumped onto the filters, causing continuous ponding on the surface. Eventually the filters became completely plugged after only a few years of service. The top 8 in. of sand was replaced.
* When the ponding occurred, there was significant algal growth on the filter surface, contributing to the flow problems. * After the sand was replaced, flow through the filters was restored, though percolation rates were somewhat slower than expected. Problems with the underdrain system may be causing the slow percolation.
9 Filter effluent from the replaced sand showed some of the same flow and water quality characteristics observed at Fort Lewis. High concentrations of suspended solids were present at the beginning of a water surge that passed through the filter.
* The daily loading rates for the filters were much less than predicted in the design analysis. Actual loading rates were probably 300,000 and 400,000 gal/acre/day. At this location, a higher loading rate is not recommended.
* Inoperable filter dosing valves have prevented normal automatic dosing.
* One of the dosing pumps has lost significant pumping capacity, possibly because of the high concentration of solids that have been pumped.
Evaluation of Intermittent Sand Filtration

Operational Requirements
When the automatic dosing system is fully functional, intermittent sand filtration can operate with little attention. But when the automatic system is not functioning, filter operation depends on the initiative of the facility operators. Fort Lewis, Fort Hood, and Aberdeen have had problems with the automatic dosing systems. At all three installations, because of inconvenience or lack of training, the filters were not operated properly in the manual mode. To eliminate some of the problems with system downtime, it is recommended that each filter have a separate automatic control for dosing. Although it may add to project costs, a dosing tank in the filter system design is also recommended.
Improper operation of the primary treatment can lead to premature plugging of the filters. Inefficient primary treatment has a more significant negative effect on intermittent sand filters than on lagoons or wetlands.
Operation of intermittent sand filters requires much more training of the operators than the operation of lagoons or wetlands.
Maintenance Requirements
Experience at existing CVWFs is that all motor-operated valves are potential maintenance or repair problems, particularly those that are opened and closed often. This has been the case for filter dosing valves, as is evidenced by the large amount of downtime.
When filters become plugged, the top few inches of sand must be removed. The frequency of removal depends on how well the primary treatment structures are operated and maintained, but may be every 5 to 10 years. Sand may be removed 3 or 4 times until there is only 24 in. of sand left in the filter. Then new sand must be added to regain the original 36 in. depth. Removing the top layer of sand can be very labor intensive, depending on the design of the influent distribution piping.
Filters have very little solids storage capacity compared to lagoons or constructed wetlands, and solids removal is required much more often. Inefficient primary treatment will cause more frequent maintenance of the filter surfaces.
Most of the suspended solids removal occurs in the top 2 in. of the filter sand. Thus, storage of the removed solids is limited to pore space between sand particles in this top 2 in. layer. Filters have very little potential solids storage volume compared to lagoons or constructed wetlands.
Algae contributes to filter plugging. A treatment program is necessary to keep algal growth from plugging the surface. At Aberdeen, researchers initiated a program of periodic treatments with swimming pool chlorine chemical. However, research has not yielded enough information to give specific guidance for algae control. Further work is needed in this area.
Design and Construction
Intermittent sand filters are more difficult to design and construct than either lagoons or wetlands. The automatic dosing controls at existing facilities have not allowed enough flexibility to allow dosing to continue when a pump or valve is not functioning.
Construction costs for intermittent sand filters (according to USACE Fort Worth District) are at least 10 percent higher than for lagoons. The graded layers of aggregate are a significant portion of the construction cost.'
The influent distribution systems constructed to date (other than those at Fort Lewis and Yakima) are very complex and costly. Gravity flow through distribution pipes is adequate.
Sand filters require less area than lagoons or wetland treatment.
Although no severe problems have occurred to date, blockages in the filter underdrain system could be very expensive to locate and correct. It is recommended that new designs include "cleanouts" on all lateral underdrain pipes, as have been installed at Fort Carson, CO.
Treatment Performance
All filters studied during this project provided an exceptional quality water to be recycled.
The results of the increased dosing study at Fort Lewis are inconclusive because the filters were never severely tested. However, it may be concluded that in areas where vehicles train in sandy soils, primary treatment of wash water will be very effective. Intermittent sand filters at these locations may safely be designed for loading rates of 1,300,000 gal/aciciday.
Experience at the Aberdeen CVWF indicates there may be situations where a daily loading rate as low as 400,000 gal/acre/day is necessary. When training area soils are very cohesive with a large fraction of clay, primary treatm,-nt cannot be expected to be efficient.
LAGOON TREATMENT Lagoon Description and Existing Design Guidance
The lagoon is perhaps the simplest of all treatment structures. Treatment depends on a long detention time to allow sedimentation of suspended solids, and on suspended microorganisms to remove nutrients and organics from the water.
Lagoons are sized according to detention time. For secondary treatment at CVWFs, the required detention time is 14 days for peak hydraulic loading.
Fort Hood Study
The second large CVWIF built at Fort Hood, used by the 1st Cavalry Division (1st Cav), has been in operation since February 1989. This facility uses two lagoons in series for secondary treatment in its recycle treatment system. Figure 5 shows a schematic of the 1st Cav CVWF. The vehicles washing at the facility train in the same conditions as the vehicles that wash at the Fort Hood 2AD CVWF.
USACERL began a study to monitor the performance and operation of the 1st Cay CVWF in the summer of 1989. Periodic analysis of the influent and effluent of each of the lagoons (cells) occurred from March 1990 through August 1990. Table 4 summarizes the water quality data at the 1st Cav CVWF during that period. Observations are listed below.
" The lagoons provided an exceptional quality of water for recycle.
"
The flow was apparently short circuiting across Cell 1. The normal 7-day detention may have been as short as 1 day.
& Cell 2 provided little or no additional treatment. It appears that the designed detention time of 14 days is too long; 7 days or less may be adequate.
Evaluation of Lagoon Treatment
Operational Requirements
Very little knowledge or effort is required to operate a lagoon treatment system. Effluent structures must be checked for blockages. To check for leakage through a lagoon liner, the total volume of water in the recycle system should be monitored for losses.
Maintenance Requirements
No maintenance has been done to the lagoons at Fort Hood. Unless severe leaks appear in the basin liners, it is not likely there will ever be any significant maintenance or repair actions. Lagoons can be designed with enough solids storage capacity that, for all practical purposes, they may not need to be cleaned during the projected life of the facility.
Because of dissolved solids accumulation and evaporative losses, more makeup or replacement water will be required at CVWFs with lagoon treatment than at CVWFs with filters or wetlands.
Design and Construction
Requirements for design and construction of lagoons are minimal. Construction costs, generally dictated by the amount of earth moving required, are site dependent. Lagoons take up more area than intermittent sand filters, but less than wetland treatment. 
Treatment Performance
The limited experience at Fort Hood suggests that lagoons can provide an exceptional quality of water for recycle. However, the 1st Cav wash facility had a very closely controlled operation. It is not known how lagoon treatment will respond to occasional inputs of petroleum products or cleaning agents as have occurred at facilities with intermittent sand filters.
It is possible that as solids accumulate in the bottom of the lagoons, they may be brought back into suspension by severe wave action from storms, turnover caused by seasonal temperature changes, or by aquatic animals. Observations at Fort Riley, KS suggest that this may be happening in a basin there.
Feces from aquatic birds and mammals may also tend to degrade the water in lagoons. Lagoons are subject to algae blooms.
Because of the large, unshaded surface area, evaporation losses and dissolved solids accumulation may be greater for lagoons than for filters or wetlands. Though the 2AD CVWF at Fort Hood has been in operation longer, dissolved solids are already somewhat higher in the 1st Cav CVWF wash water.
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CONSTRUCTED WETLAND TREATMENT Description and Design Guidance
Several types of constructed wetland treatments incorporate overland flow, subsurface flow, and a variety of aquatic plants. The processes involved in pollutant removal within the wetland include: extended sedimentation, biological treatment, and filtration. Because the overland flow wetland is very shallow and has long detention times, it is ideal for sedimentation. Larger aquatic plants such as cattails and bulrushes provide an excellent surface area to support the microbial growth necessary for biological treatment. The slow velocity of wastewater through the wetland provides the opportunity for suspended and colloidal material to adhere to thc surfaces of the aquatic plants, thus the wetland provides a form of filtration. Unfortunately, very little specific design or operational guidance is available for constructed wetlands since their use for wastewater treatment has a very short history. The guidance described in the next paragraph has been gleaned from a collection of papers published by Donald Hammer. 2 Each wetland area or cell is usually configured as a long, narrow, shallow basin. Length was often about 330 ft from influent to effluent. Water depth was usually between 6 and 15 in. Loading rates were between 16,000 and 54,000 gal/acre/day. Detention times were kept at 6 to 7 days to allow enough time for biological assimilation of the nutrients in the wastewater. Initial planting of large plants such as cattails was at 3-ft intervals.
Fort Riley Study
The CVWF at Fort Riley serves a mechanized infantry division. The soils in the training area seem to be primarily silts and clays, and the soiling on the vehicles is average. The existing CVWF is a retrofit of a failed wash facility and a treatment system that had combined industrial wastewater with recycled wash water. Three of the four lagoons in the original treatment system were isolated for use only by the retrofitted wash facility. Figure 6 shows a flow schematic of the Fort Riley CVWF.
Because there was excess water treatment and storage capacity in the three-cell lagoon system, the water level in the first cell was allowed to drop. Eventually this cell, quite by accident, became one of the Army's first wetland treatment structures. The type of constructed wetland that evolved at Fort Riley was overland flow through rooted aquatic plants. The aquatic plants were primarily cattails.
The area of the Fort Riley wetland is about 5.5 acres. Assuming an average depth of 9 in., and a vegetation cocpcentration of 20 percent by volume, the available treatment volume in the wetland is about 1. 1 million gallons. According to the design analysis, the average daily flow was predicted to be 774,0M) gal/day. The design loading rate on the wetland is 140,000 gal/acre/day and the detention time is 1.4 days.
USACERL conducted a study to monitor the effect this wetland had on water quality from March 1989 through July 1989. )3 * The effluent from the wetland was actually the highest quality water in the recycle system. The quality of water in the effluent of the two lagoons downstream of the wetland was ;iormally worse.
* floating debris tended to accumulate near the effluent structure of the wetland-after several 'ears of use, the debris (lid not interfere with flow. In future applications of wetland treatment it is recommended that screens be used to prevent floating debris from entering tie recycle detention basin.
* Although wetland literature mentions that mosquitoes may be a problem, researchers did not notice any problems with mosquitoes after working very close to the wetland.
" Despite the fact that suspended solids in the influent to the wetland were above 200 mg/L on many days, effluent consistently had less than 30 mg/L, and normally was less than 20 mg/L. Suspended solids concentration in the wetland influent was exceptionally high because of inadequate primary treatment at the final wash stations.
-Algae was not apparent in the wetland, nor in the wetland effluent samples. Algae was obvious in the effluent of the two lagoons downstream from the wetland. It has been observed at other wetland treatment locations that aquatic plants shade the water and prohibit algal growth.
* Several factors inhibited long tena water quality at the Fort Riley CVWF. Water from the adjacent industrial wastewater treatment lagoon was often used for makeup water. Some unknown influences caused the water in the supply basin to be of much lesser quality than the wetland effluent. The suspected causes are: natural occurrences that disturb the bottom sediment in the basin, such as wave action, fish, aquatic animals, and turnover due to temperature changes. It is also suspected that leakage from the industrial lagoon was somehow infiltrating the supply basin. Chemical oxygen demand (CO) concentrations throughout the CVWF treatment system were abnormally high.
-Wetlands have become a very popular type of treatment. Politically, it is very desirable to construct new wetlands because of the positive environmental image. Further, becausC of the "no net lo'-,' policy the Corp~s of Engineers is enforcing, constructing a %;ctland treatm ,nt \Nstem at a ('VWF mt% be of benefit to another construction project A here filling a small wetland area is neccssary.
Evaluation of Constructed Wetland Treatment
Operational Require'mcntS Very little training or el'orl are required to operate a constructed wetland sytcm. The opcratr %, ill need to periodically check the wetland effluent structure screen to ensure that debris is not bhlockin ihc low,
Other than periodically cleaning the effluent structure screen, a constructed veland sholId rcltic little or no maintenance or repair work. Because of the shallow water depth, leakage throno the ba ,in liner s1tould not be a problem. Losses would be much less than in lagoons or other deep basi,s.
Deep rooted plats must be kept out of the wetland. At Fori Rile\ some deep mooted phlnt> ha1d lo be cut off along the edge of the wXetlad. but no deep rooted plants have grown kilhin the lanid Thus far, there had been no apparent need to remove live or dead vegetation from the wctland. Unless serious flow blockages occur, or aerobic conditions cannot be maintained, there should be no need to remove vegetation. However, long term maintenance requirements are not known.
Design and Construction
Design and construction of a wetland will be almost iderlical to construction of a lagoon. Because of the shallow depth and smaller volume required, earth work will be significantly less for a wetland than for a lagoon. However, planting cattails may be new to many construction contractors.
It is recommended that design criteria for new facilities be patterned after the Fort Riley wetland; a 9-in. water depth and a daily loading rate of 140,000 gal/acre/day. Though this loading rate may be conservative, further research is necessary to provide more accurate criteria.
The designer must allow for the water depth at the effluent structure to be variable. As solids and vegetation accumulate on the bottom, the elevation of the water surface -'ist be raised to maintain an optimum depth and detention time.
If enough depth is allowed for sediment and debris storage, the wetland may never need to be cleaned out during the life of the facility.
Though removal of vegetation is not known to be a requirement, the design should allow for this maintenance to be done efficiently. The bottom of the wetland basin should be designed to support earth moving equipment, or the basin should be configured so that a bucket of a backhoe could reach any point on the bottom of the basin.
Treatment Performance
The constructed wetlands at Fort Riley provided an excellent quality of water, especially considering the inadequate primary treatment and occasional contamination from the industrial treatment system. The constructed wetland has provided adequate treatment of slugs of suspended solids that have bypassed primary treatment. Wetlands may be considered best for excess solids removal because they are not prone to plugging as are filters.
It should be expected that a wetland will also adequately treat slugs of petroleum products that may bypass primary treatment. Wetlands should perform better than lagoons in this capacity, but not as well as intermittent sand 1lters.
Algae may not be a problem at constructed wetlands using cattails or bulrushes.
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CONCLUSION AND SUMMARY
Conclusion
All three alternatives considered (intermittent sand filtration, lagoons, and constructed wetlands) are acceptable for secondary treatment at CVWFs.
Summary
Operational Requirements
All three alternative secondary treatments will function with little attention from the CVWF operator. However, if the automatic dosing system for the intermittent sand filters goes down (as has often occurred), system operation becomes a test of the operator's understanding and attentiveness. Operation of intermittent sand filters requires more operator training than the other two treatment types.
All three systems require proper operation of the primary treatment. Improper operation of the primary treatment can lead to premature plugging of filters and can negatively affect treatment performance of lagoons and constructed wetlands. Inefficient primary treatment has a more significant negative effect on intermittent sand filters than on lagoons and wetlands.
Maintenance Requirements
With proper design and construction, lagoons and construced wetlands should require very little maintenance during the projected life of the CVWFs.(p 29) Constructed wetlands will have a screen at the effluent structure that will remove floating debris. This screen will have to be cleaned every few days by the operator.
Because of plugging, sand on the surface of intermittent sand filters will need to be removed periodically during the life of the facility, perhaps every 5 to 10 years. Inefficient primary treatment will cause more frequent plugging of the filters. It is suspected that algae contributes to plugging of filters. An algae control program is necessary to prevent premature plugging.
Many of the existing CVWF automatic filter control systems have experienced problems with motorized valves and other electrical equipment.
Design and Construction
Intermittent sand filters will be more difficult and more costly to design and construct than will lagoons and wetlands. Though there is little data to compare costs, it is expected that filters will be at least 10 percent more costly than lagoons. Costs for lagoons and wetlands should be approximately the same.
Treatment Performance
All three types of secondary treatment provide water that should be discharge quality in most states and would not be a hazard to the troops using the facility.
Intermittent sand filters should be best able to handle occurrences of unusually high suspended solids loading or slugs of petroleum products. Wetland treatment should adequately handle slugs of solids and petroleum products. Lagoons may minimally treat slugs of solids and petroleum products.
Lagoons may be subject to resuspension of settled solids due to environmental influences, and may be subject to algae blooms.
Design loading rates for intermittent sand filters and lagoons (as stated in the draft TM 5-814-9) may be changed as described in chapters 3 and 4, respectively. The Fort Riley constructed wetland should be used as a model for future use of constructed wetlands at CVWFs. 
